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(57) Abstract 

A catheter ( 1 0) having a tip which is resistant to plugging by blood components or other body fluids when used as a long 
term implant within a living body. A check valve is incorporated in the tip that is exposed to the blood stream or other body 
fluids. The central bore (11) within the catheter is closed at its downstream end. A cross bore or port ( 1 5) is provided immediately 
upstream from the closed end. This cross bore ( 1 6) is covered by a thin elastic sleeve to create a check valve.The pressure develo- 
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CHECK VALVE CATHETER 



Technical Field 
The present invention relates to the field of 
medical devices, more particularly, a catheter. 
5 Background of the Invention 

This invention is directed to a catheter in- 
tended for implantation within a living body for long term 
operation. The catheter is intended for use, for example, 
with the implantable infusion pump or artificial gland de- 
10 scribed in United States Patent No. 3,731,681, or with 
other implanted injection ports for drug delivery to 
internal organs or sites not accessible by direct needle 
puncture . 

: The major problems with long term catheteriza- ' 

15 tion of a blood vessel are infection at the skin puncture 
point and clotting in the catheter lumen. Only in cases 
where the flow rate of infusate is very high, or if an 
anti-coagulent is being infused, does the catheter tip re- 
main open for a long term. In applications such as insu- 

20 lin infusion, the flow rates are very low, and back diffu- 
sion of blood components can result in clots or plugs 
forming inside the lumen of the catheter. This limits the 
useful lifetime of the indwelling catheter in many in- 
stances to only three to four months . 

25 * n the case of use of an implanted infusion pump 

such as that of aforesaid United States Patent No. 
3,731,681, a further complication exists in that the 
catheter does not always have a forward flow. For 
example, when the pump is being filled, it is possible to 

30 momentarily generate suction which pulls blood retrograde 
back into the catheter and this blood inevitably clots. 
Also, changes in blood pressure may cause a fluctuating 
pressure at the tip of the catheter and can induce back- 
ward flow up the catheter. The cyclic pressure pumps 
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fluid along the wall where the velocity is low. - The 
catheters are always designed with a small exit hole to 
keep the velocity of the infusate as high as possible 
However, this also has danger in that the cross section is 
very small and can be easily plugged. The plug can come 
from material that diffuses upstream from the blood or 
from small particles which come downstream out of the pump 
itself. if the hole is made very small to obtain high 
velocity, it is difficult to keep, it from plugging due to 
particulates in the infusate. The ideal catheter is one 
xn which it is not necessary to maintain a fixed flow rate 
to keep it open. Therefore, the catheter flow rate may be 
allowed to go to zero for long periods of time. The 
catheter should also be able to pass particles that come 
downstream with the infusate without plugging the tip m 
order to resist back diffusion, the exit hole should be as 
small as possible to maintain a critically high exit 
velocity. The catheter of the present invention incor- 
porates these desirable features and overcomes the short- 
comings of prior art de-vices. 

Summary of the Invention 
Broadly stated, the present invention is 
directed to a long term implantable catheter having a 
check valve tip for unidirectional flow. The catheter is 
an elongated relatively thick walled tubular member having 
a central bore. The bore is open at the upstream end to 
receive infusate and is closed at the bottom end, as by a 
plug. At least one cross bore or port is provided in the 
wall of the tubular member communicating with the central 
bore and located upstream from and closely adjacent to the 
closed catheter end. A thin elastic sleeve surrounds the 
tubular member in squeezing engagement. This sleeve 
covers- the port. The sleeve is tightly secured agains 
dislodgement from the tubular member, as by adhesive bond- 
ing or the like, upstream from the port. The remainder of 
the sleeve engages the outer wall of the tubular member in 
squeezing but unbonded relation. The pressure of infusate 
introduced through the catheter is sufficient to 
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the elastic sleeve to per.it fluid to pass from 
through the space created in the annular interface between 
the inside sleeve wall and outside catheter tip wall. ■ 
Brief Description of the Drawing 
5 - The invention is. illustrated in the accompanying 

drawings m which corresponding parts are identified Z 
the same numerals and in which: 

FIGURE 1 is a side elevation of one form of 
10 ttt "^"^ UP aCC ^ ng t0 ^ ~ inven- 



FIGURE 2 i s a side elevation . n sect . on 
catheter tip shown rotated 90- from FIGURE 1- 

tip, and FIGURE 3 1S M eleV " i0n °* ^ :«^ter 

" „ t „' „ " GURE * " 3 trans — ««c tion through the 

tion of °" 4 " ° f F1GURE 2 - d - direc 

tion of the arrows. 

Detailed Description o f the Inv„t im 
20 , *• , Referring nOW to tte drawings, there is shown a 

a" : r y in thi : k walled tubuiar cathete - indic »^ «•»«- 

lenLh 3 CCTtral b ° re " ^roughout its 

ength. The catheter tube may be formed from an y of . 
large number of flexible inert non-toxic bio-compatible 
rubber or synthetic rubber-like materials. a preferred 

IbTVV Standard " di °-— harium-filied'silico e 
rubber which, apart from having excellent catheter proper- 
ties, may be located using fluoroscopic technics once 

vSL" !' Like " ise ' the catheter tube ^ — 

varying dimensions dependent upon the particular applica- 

12 " T iCh " ^ " °" e "'»eter 

tube is 0.093 inch (0.236 cm, outside diameter having a 

central bore of 0.016 inch (0.041 cm) diameter. It may be 
whatever length is required to reach the desired infu- 
sion site. 

fluirf , UPSt " am Md ° f b °™ » i« open to receive 

fluid to be infused. The downstream end is closed, as by 
a short plug 12 . As in ustrated , plug 12 _ 
spur 13 extending into a transverse opening 14 in the wall 
of the catheter tip. w h i le p lug 12 may likeuise bfi 



from' any one of a number of biologically compatible mater- 
ials, a preferred material is medical grade Silastic 
adhesive. 

One convenient method of forming plug 12 is as 
follows: Hole 14 is bored through one wall of the cathe- 
ter a short distance, such as 5/16 inch (0.794 cm) from 
the end. The catheter tube is clamped off upstream from 
hole 14 and a vacuum is applied to the open bore. Silas- 
tic adhesive paste is applied over hole 14 and drawn 
through the hole out through the end of the tube, thus 
forming plug 12. The excess paste is wiped from the outer 
surface and the plug is cured to insure a firm * leak-proof 
bond between the plug and the wall of bore 11. The integ- 
rity of the plug seal is preferably tested by application 
of forward bias pressures of about 50 psig (3.5 kg/sq. cm) 
for 5 minutes . 

The plugged catheter tip is then provided with a 
cross bore 15 to provide one or more ports from the cathe- 
ter. Port 15 is located immediately upstream from plug 
12, for example, about 3/16 inch (0.476 cm) in the exem- 
plary catheter. The diameter of the exit port may be 
approximately the same diameter as the catheter bore. 

A thin-walled elastic sleeve 16 is applied over 
the catheter tip so as to cover port 15. In the exemplary 
catheter, sleeve 16 may be about 1.25 inches (3.175 cm) 
long. Dependent upon the elasticity and strength of the 
material, it should be about 0.0005 to 0.01 inch (0.0013 
to 0.025 cm) thick. The upstream end of sleeve 16 is 
sealed to the catheter tube by means of an adhesive bond 
extending around the periphery of the catheter tube. 

Sleeve or sheath 16 is made undersized, approxi- 
mately 5 to 30 percent, again dependent upon the elas- 
ticity and strength of the material, to generate a fixed 
compression, at the end of the catheter. As an example, 
using the exemplary catheter having an outside diameter of 
0.093 inch (0.236 cm), a sleeve of inside diameter of 
0.0748 inch (0.190 cm) provides a squeeze factor of about 
24.3 percent. That is, the outside catheter diameter 
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(0.093 inch = 0.236 cm) divided by the inside sleeve 
diameter (0.0748 inch = 0.190 cm) equals 1.243. This 
value minus 1 and multiplied by 100 equals a 24.3 percent 
squeeze factor. 

Sleeve 16 may likewise be formed from a number 
of different biologically compatible materials having the 
requisite elasticity. A preferred material is polyure- 
thane polymer (Biomer) . The forward opening pressure of 
the check valve catheter tip is a function of both the 
thickness of the sleeve and the squeeze factor, both of 
which may be controlled. The sleeve is desirably formed 
by dipping of the cylindrical mandrel of appropriate 
diameter into a solution of the polymer. The thickness of 
the resulting sleeve is directly proportional to the 
15 concentration of solvent in the polymer (viscosity), which 
rapidly changes with time as .a function of exposure to air 
(humidity, temperature, etc.) and probably many other 
factors. Good results have been obtained using fresh 
unopened Biomer polyurethane in mixtures of 3 parts poly- 
mer to 1 part of N-N- dimethyl ace tamide thinner. 

The urethane sleeve is desirably formed by first 
dipping the previously cleaned and dried mandrel into the 
polymer solvent and then quickly into the polymer solution ' 
itself. Once into the polymer solution, the solvent 
diffuses away from the mandrel surface carrying with it 
any air or other impurities, leaving a uniform coat. If 
the polymer solution contains entrained air, this is pref- 
erably purged from the solution by application of vacuum 
prior to use. The mandrel is desirably dipped into the 
solution with a slow twisting motion and then retracted 
with the same twisting motion. To form the exemplary 
sleeve which is 1.25 inches (3.175 cm) long, the mandrel 
is dipped into the solution about 1.5 inches (3.8 cm) and 
retracted at a rate of about 2/3 inch (1.69 cm) per 
35 minute. After the mandrel is free of the solution, it is 
rested in a vertical position on a drying stand. The 
force of gravity pulls off excess polymer, leaving a 
uniform coat varying from about 0.0015 inch (0.0038 cm) at 
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the top to about 0.002 inch (0.0051 cm) at the bottom. 
The sleeve is then 'cured by heating at about 120° F (49° 
C) for about 36 hours. 

Once cured, the sleeve is inspected for impuri- 
5 ties, air bubbles, dust, etc., in the surface. It is 
trimmed to useful length and expanded off the mandrel by 
soaking in trichloroethylene for about 15 to 20 minutes. 
This expands the sleeve to about one and one-half times 
its normal diameter and about 10 percent in length. This 

10 permits easy transfer to the catheter tip. As the solvent 
evaporates, the cured sleeve returns to its original 
dimensions in tight squeezing engagement with the outer 
wall of the catheter tip. The sleeve is sealed to the 
wall of the catheter tip, as for example, by rolling the 

15 upstream end of the sleeve back a short distance, applying 
a biologically compatible adhesive, such as Silastic 
adhesive, to the catheter, quickly rolling the sleeve back 
over the adhesive and curing to form a permanent bond. 
The end of the catheter tip is preferably trimmed in a 

20 sharp cut. 

Although polyurethane is a preferred material 
for formation of sleeve 16,. other inert non- toxic rubber 
or synthetic rubber-like materials which are compatible 
with body fluids and which have the requisite elasticity 

25 can be used instead. When available, preformed tubular 
materials may be used to form the sleeve. 

In use, the drug or other material to be infused 
is introduced into the end of the catheter under pressure, 
such as micht be- applied by the pump of the aforesaid U.S. 

30 Patent No. 3,731,681. The pressure of the fluid exiting 
from port 15 is sufficient to overcome the compressive 
force of sleeve 16 to cause the fluid to flow along the 
interface between the outside wall of the catheter tip and 
inside wall of the sleeve. The compressive force of the 

35 sleeve prevents back- flow into the catheter. Even where 
the infusate is introduced at a very low flow rate, such 
as insulin at the rate of approximately 1 cc per day, the 
flow rate at the exit slit at the end of the catheter tip 



at the interface between the sleeve and tip wall where the 

insulin enters the bloodstream is at a sufficiently high 

velocity to inhibit significant back-diffusion of blood 

components into the interface channel. Even if there is a 

small rate of buildup of deposit in this channel, the 

elastic nature of the sleeve is such that the sleeve may 

expand to permit continued flow with approximately the 

same pressure drop. The fluid channel at the interface 

* * ** 

may also move radially around £lie catheter until it finds 
a clean area which has been previously closed due to the 
elastic force and thus establish a new channel. 

Ordinarily the flow rate is along one channel 
extending along the interface from the cross bore port to 
the free end of the catheter tip. Only when the fluid is 
introduced at very high flow rates will the sleeve expand 
to allow flow completely around the annular exit. This 
gives a very large effective exit cross section while at 
the same time maintaining a, high exit velocity. Where the 
infusate. may contain particles which might otherwise clog 
the catheter, the sheath either expands to allow the 
particle to pass through or traps the particle^ to allow 
flow around it. The catheter tip is thus unpluggable from 
both directions due to the expandability of the sleeve. 
Negative pressures as great as -20 psi (-1.4 kg/sq. cm) 
(P in - P out* have been witnessed without failure. These 
are pressures far beyond those that would be expected in 
clinical situations. 

Although intended primarily for use with an im- 
plantable pump or artificial gland, such as described in 
aforesaid U.S. Patent No. 3,731,681, the catheter may also 
be used with only an implanted septum. For example, a 
catheter is surgically implanted in a dif f icult-to-place 
location, such as a vein or artery going into some inter- 
nal organ that is not accessible by needle puncture from 
the surface of the body. After this catheter has been 
implanted and a puncture septum is placed at a convenient 
location under the skin, the internal organ can be per- 
fused with any infusate by simple puncture of the readily 
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accessible external puncture point. The use of tljis 
technique avoids the necessity for passing the catheter 
through the skin and the chronic problems associated 
therewith. 

It is apparent that many modifications and vari- 
ations in this invention as hereinbefore set forth may be 
made without departing from the spirit and scope thereof. 
The specific emboidments described are given by way of 
example only and the invention is limited only by the 
terms of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A check valve catheter tip for unidirectional 

flow comprising: 

a) an elongated relatively thick-walled tubu- 
5 lar member, 

b) a central bore in said member, said bore 
being open at the upstream end and closed at the down- 
stream end, 

c) at least one port in the wall of the tubu- 
10 lar member communicating with said bore, said port being 

located upstream from said closed end of the tubular 
member and closely adjacent thereto, . 

d) a thin elastic sleeve surrounding said 
tubular member in squeezing engagement therewith, * said 

15 sleeve covering said port, and 

e) means securing said sleeve to the tubular 
member upstream frpm the port. 

2 - A catheter tip according to claim 1 wherein the 

closed end of said bore includes a plug in fluid-tight 
20 sealing engagement with the bore wall. 

3. A catheter tip according to claim 2 wherein said 

tubular member has a radial hole communicating with the 
bore and said plug has a radial spur engaging said hole in 
fluid- tight sealing engagement. 

25 4 • A catheter tip according to claim 1 further 

characterized in that said thin elastic sleeve is between 
about 0.0005 and 0.01 inch (0.0013 and 0.02 5 cm) in thick- 
ness. 

5 * A catheter tip according to claim 1 wherein the 

30 inside diameter of said sleeve is about 5 to 30 percent 
less than the outside diameter of said tubular member. 
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6 - A catheter tip according to claim 1 wherein, said 

means for securing the sleeve to the tubular member is an 
adhesive bond between the inside wall of the sleeve and 
the outside wall of the tubular member. 

1 • A catheter tip according to claim 1 wherein said 

tubular member is composed of silicone rubber and said 
sleeve is composed of polyurethane . 

8. A catheter tip according to claim 7 wherein said 
silicone tubular member is barium- filled and radio-opaque. 

9. A catheter tip according to claim 1 wherein the 
closed end of the catheter tip and the end of the sleeve 
terminate in a plane transverse to the longitudinal axis 
of the catheter to provide a high velocity annular jet 
port. 
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AMENDED CLAIMS 
(received by the International Bureau on 2 September 1980 (02.09.80)) 

1- A check valve catheter tip for unidirectional 

flow comprising: 

a) an elongated relatively thick-walled tubu- 
5 lar member, 

b) a central bcfre in said member, said bore 
being open at the upstream end and closed at the down- 
stream end, . 

c) at least one port in the wall of .the tubu- 
10 lar member communicating with said bore, said port being 

located upstream from said closed end of the tubular 
member and closely adjacent thereto, 

d) a thin elastic sleeve surrounding said 
tubular member in squeezing engagement therewith, ' said 

15 sleeve covering said port, and 

e) means securing said sleeve to the tubular 
member upstream from the port.. 

2. A catheter tip according to claim 1 wherein the 
closed end of said bore includes a plug in fluid- tight 

20 sealing engagement with the bore wall- 

3. A catheter tip according to claim 2 wherein said 
tubular member has a radial hole communicating with the 
bore and said plug has a radial spur engaging said hole in 
fluid-tight sealing engagement. 

25 4. A catheter tip according to claim 1 further 

characterized in that said thin elastic sleeve is between 
about 0.0005 and 0.01 inch (0.0013 and 0.025 cm) in thick- 
ness . 

5- A catheter tip according to claim 1 wherein the 

30 inside diameter of said sleeve is about 5 to 30 percent 
less than the outside diameter of said tubular member. 



WO 80/02230 



-12- 



PCT/US80/00371 



6. A catheter tip according to -claim 1 wherein .said 
means for securing the sleeve to the tubular member is an 
adhesive bond between the inside wall of the sleeve and 
the outside wall of the tubular member. 

7. A catheter tip according to claim 1 wherein said 
tubular member is composed of silicone rubber and said 
sleeve is composed of polyureth'ane . 

8 - A catheter tip according to claim 7 wherein said 
silicone tubular member is barium- filled and radio-opaque. 

9- A catheter tip according to . claim 1 wherein the 
closed end of the catheter tip and the end of the sleeve 
terminate in a plane transverse to the longitudinal axis . 
of the catheter to provide a high velocity annular jet 
port- 
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10. A check valve catheter tip for unidirectional 

flow comprising: 

a) an elongated tubular member, 

b) a central bore in said member, said bore 
5 being open at the upstream end and closed at the down- 
stream end, 

c) at least oneport in the wall of the tubular 
member communicating with said bore, said port being 
located upstream from said closed end of the tubular mem- 

10 ber, 

d) a thin elastic sleeve surrounding said 
tubular member in squeezing engagement therewith, said 
sleeve covering said port, and 

e) means securing said sleeve to the tubular 
15 member upstream from the port. 

11. A fluid administering device for delivering an 

infusate to tissue within a living body comprising in com- 
bination: 

a) an infusion pump; 
20 b) a check valve catheter for providing a uni- 

directional flow of infusate from said pump including, 

1) an elongated tubular member ; 

2) a central bore in said member, said 
bore being open at the upstream bend and. closed 

25 at the downstream end, 

3) at least one port in the wall of the 
tubular member communicating with said bore, 
said port being located upstream from said 
closed end of the tubular member, 

30 4) a thin elastic sleeve surrounding said 

tubular member in squeezing arrangement there- 
with; said sleeve covering said port, and 

5) means securing said sleeve to the 
tubular member upstream from the port, and 
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c) means connecting said pump with said cathe- 



ter. 



12. A fluid administering device for delivering an 

infusate to tissue within a living body comprising in com- 
5 bination: 

a) a puncture septum; 

b) a check valve catheter for providing a uni- 
directional flow of infusate from said septum including, 

1) an elongated tubular member, 
10 2) a central bore in said member, said 

bore being open at the upstream end and closed 
at the downstream end, 

3) at least one port in the wall of the 
tubular member communicating with said bore, 

15 said port being located upstream from said 

closed end of the tubular member, 

4) a thin elastic sleeve surrounding said 
tubular member in squeezing arrangement there- 
with, said sleeve covering said port, and 

20 5) means securing said sleeve to the 

tubular member upstream from the port, and 

c) means connecting said septum with said, 

* catheter. 



13. A device according to claim 12 wherein said sep- 

25 turn is implanted under the skin. 
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